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Correspondence Address: An opening and closing device includes an electrically 
POSZ LAW GROUP’ PLC conductive ?xed body, a movable body, a drive motor, a 
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opening portion therein. The movable body is displaceable 
_ _ _ between a full closed position and a full open position. The 

(73) AsslgneeZ ASMO CO‘, LTD" Kosal'clty (JP) drive motor drives the movable body to open and close the 
opening portion of the ?xed body. The detection assembly 
includes a sensor electrode. The determining device com 
putes, as a detection value, a change amount of the capaci 
tance at the sensor electrode per a predetermined constant 

(22) Filed; API._ 12, 2007 measuring time based on the change of the capacitance 
detected by the sensor electrode. The determining device 
compares the detection value With a constant threshold 

(21) Appl. No.: 11/783,767 

(30) Foreign Application Priority Data value, and determines Whether the object exists between the 
movable body and the periphery of the opening portion 

Apr. 14, 2006 (JP) ............................... .. 2006-112552 based on the comparison result. 
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FIG. 1 
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OPENING AND CLOSING DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on and incorporates 
herein by reference Japanese Patent Application No. 2006 
112552 ?led on Apr. 14, 2006. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an opening and 
closing device. 
[0004] 2. Description of Related Art 
[0005] Conventionally, an opening and closing device 
includes a detector for detecting an existence of an object 
betWeen a body of a vehicle and a door panel, Which is in 
closing operation. Here, the opening and closing device uses 
a drive force of, for example, a motor to slidably displace 
(open and close) the door panel, Which is provided on a side 
of a vehicle, along a longitudinal axis of the vehicle. For 
example, as JP-A-2004-257788 discloses, this type of detec 
tor includes a sensor electrode, Which detects an object 
betWeen a door panel and a body based on a change of a 
capacitance. The sensor electrode is disposed, for example, 
along a front end of a door panel. Also, in a case, Where the 
object exists betWeen the door panel and the body during a 
closing operation of the door panel for closing the door 
panel, the capacitance of the sensor electrode changes, and 
also the change of the capacitance is sent to a control unit of 
the detector as a signal voltage. The control unit, then, 
compares the received signal voltage and a predetermined 
threshold value. When the signal voltage exceeds the pre 
determined threshold value, the control unit determines that 
there is an object betWeen the door panel and the body 
(determines the existence of the object betWeen the door 
panel and the body), and the control unit displaces the door 
panel to a full open position using the drive force of the 
motor. 

[0006] When the door panel in the closing operation 
approaches the full closed position, the front end of the door 
panel comes close to a front door and a center pillar (B 
pillar). Then, the proximity of the front end of the door panel 
to the front door and to the center pillar may cause a change 
of the capacitance of the sensor electrode, and therefore, the 
signal voltage may disadvantageously exceed the predeter 
mined threshold value, resulting in an erroneous detection of 
the object. To deal With the above, conventionally, for 
example, When the door panel is located at a position of a 
predetermined distance aWay from the full closed position, 
the control unit adjusts the threshold value, and corrects the 
signal voltage sent by the detector in accordance With the 
change of the capacitance such that detectivity of the detec 
tor is set relatively loWer to limit the erroneous detection of 
the object. Also, a constant threshold value may be set in an 
entire operational range of the door panel in consideration of 
the change of the capacitance due to the front door and the 
center pillar to limit the erroneous detection of the existence 
of the object. 
[0007] HoWever, in a case, Where a threshold value is 
adjusted in accordance With a position of the door panel and 
the signal voltage is corrected to limit the erroneous detec 
tion of the object, a control process executed by the control 
unit for controlling the opening and closing device may 
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disadvantageously become complex. Further, in another 
case, Where a constant threshold value is set in an entire 
operational range of the door panel in consideration of the 
change of the capacitance due to the front door and the 
center pillar, the detectivity for detecting the object is also 
disadvantageously made loWer even in other operational 
ranges of the door panel other than the range, Where the 
capacitance is changed due to the front door. 

SUMMARY OF THE INVENTION 

[0008] The present invention is made in vieW of the above 
disadvantages. Thus, it is an objective of the present inven 
tion to address at least one of the above disadvantages. 
[0009] To achieve the objective of the present invention, 
there is provided an opening and closing device, Which 
includes an electrically conductive ?xed body, a movable 
body, a drive motor, a speed control device, a detection 
assembly, and a determining device. The electrically con 
ductive ?xed body de?nes an opening portion therein. The 
movable body is displaceable betWeen a full closed position 
and a full open position. The movable body closes the 
opening portion of the ?xed body at the full closed position, 
and the movable body opens the opening portion of the ?xed 
body at the full open position. The drive motor drives the 
movable body to open and close the opening portion of the 
?xed body. The speed control device controls a rotational 
speed of the drive motor to change a speed of displacement 
of the movable body. The detection assembly includes a 
sensor electrode, Which is located on an end portion of the 
movable body toWard the full closed position, Wherein the 
detection assembly detects a change of a capacitance formed 
betWeen the sensor electrode and an electrically conductive 
object adjacent to the sensor electrode. The determining 
device computes, as a detection value, a change amount of 
the capacitance at the sensor electrode per a predetermined 
constant measuring time based on the change of the capaci 
tance detected by the sensor electrode. The determining 
device compares the detection value With a constant thresh 
old value, Which is used for determining Whether the object 
exists betWeen the movable body and an periphery of the 
opening portion. The determining device determines 
Whether the object exists betWeen the movable body and the 
periphery of the opening portion based on the comparison 
result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention, together With additional objectives, 
features and advantages thereof, Will be best understood 
from the folloWing description, the appended claims and the 
accompanying draWings in Which: 
[0011] FIG. 1 is a perspective vieW of a vehicle provided 
With a poWer sliding door system according to an embodi 
ment of the present invention; 
[0012] FIG. 2 is a block diagram of an electronic structure 
of the poWer sliding door system according to the embodi 
ment; 
[0013] FIG. 3A is a cross-sectional vieWs ofa sensor body 
according to the embodiment; 
[0014] FIG. 3B is a cross-sectional vieWs ofa sensor body 
in a state, Where a press force is applied thereto, according 
to the embodiment; 
[0015] FIG. 4 is an explanatory vieW for describing a 
range of displacement a door panel; 
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[0016] FIG. 5A is a chart showing a relation between a 
position of the door panel and a speed of the door panel; 
[0017] FIG. 5B is a chart showing a relation between the 
position of the door panel and a detectivity for detecting an 
object; 
[0018] FIG. 5C is a chart showing a relation between the 
position of the door panel and a threshold value for detecting 
the object; and 
[0019] FIG. 6 is a perspective view of a vehicle showing 
a mounting location of a sensor body according to another 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] One embodiment of the present invention, which is 
embodied as a power sliding door system mounted on a 
vehicle, will be described below with reference to accom 
panying drawings. 
[0021] FIG. 1 is a perspective view ofa vehicle 2, which 
is mounted with a power sliding door system 1 (opening and 
closing device) of the present embodiment. As shown in 
FIG. 1, the vehicle 2 includes a body 3 (?xed body in the 
present invention) made of an electrically conductive mate 
rial, and the body 3 has a quadrilateral-shaped passenger 
door opening 3a, which serves as an opening portion for a 
passenger to get into and out of the vehicle 2, on a left side 
surface. This passenger door opening 311 is made of an 
electrically conductive material, and is opened and closed by 
a quadrilateral-shaped door panel 4, which is shaped corre 
spondingly to the passenger door opening 3a. Also, as 
shown in FIG. 4, an electrically conductive front seat side 
door panel 5 is provided frontward of the passenger door 
opening 3a, and an electrically conductive center pillar 6 is 
provided to extend in a vertical direction of the vehicle 2 (in 
an up-and-down direction in FIG. 4) between the front seat 
side door panel 5 and the door panel 4, which is located at 
a position for closing the passenger door opening 311. 
[0022] As shown in FIG. 1, the door panel 4 is displace 
ably coupled to the body 3 via a drive mechanism 11 
displaceable approximately in the longitudinal direction of 
the vehicle (in a fore-and-aft direction) to open and close the 
passenger door opening 3a. Also, the door panel 4 includes 
a lock mechanism (not shown), such as a latch lock. This 
lock mechanism secures the door panel 4 relative to the body 
3 such that the door panel 4 cannot be displaced when the 
door panel 4 is located at a position for closing the passenger 
door opening 311 (i.e., the door panel 4 is located at a full 
closed position for fully closing the passenger door opening 
311). 
[0023] Then, the lock mechanism includes a intermediate 
latch detector (not shown) for detecting an intermediate 
state, where, for example, the lock mechanism does not 
completely secure the door panel 4 to the body 3 but the door 
panel 4 is unstably engaged with the body 3. The interme 
diate latch detector outputs an intermediate latch detection 
signal to a control circuit device 31 (see FIG. 2) of the power 
sliding door system 1 when the lock mechanism is in the 
intermediate state. 

[0024] The drive mechanism 11 includes an upper rail 12, 
a lower rail 13, a center rail 14, an upper arm 15, a lower arm 
16, and a center arm 17. The upper rail 12, the lower rail 13, 
and the center rail 14 are provided to the body 3, and the 
upper arm 15, the lower arm 16, and the center arm 17 are 
provided to the door panel 4. 
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[0025] The upper rail 12 and the lower rail 13 are provided 
to an upper portion and a lower portion of the passenger door 
opening 311 of the vehicle 2, respectively, and extend 
approximately in the longitudinal direction of the vehicle 2. 
The center rail 14 is provided approximately at a center 
portion of the vehicle 2 rearward of the passenger door 
opening 3a, and extends approximately in the longitudinal 
direction of the vehicle 2. These rails 12 to 14 are formed 
from an rear side to a front side of the vehicle to extend in 
the longitudinal direction of the vehicle 2, and a front end 
portion of each rail inwardly bends toward the vehicle cabin 
at a certain position of the rail. 
[0026] Each of the arms 15 to 17 is ?xed to a predeter 
mined position of a surface of the door panel 4 (e.g., an 
upper portion, a lower portion, a center portion) facing 
toward the vehicle cabin. Then, the upper arm 15 is coupled 
to the upper rail 12, and the lower arm 16 is coupled to the 
lower rail 13. Also, the center rail 14 is coupled to the center 
arm 17. Thus, each of the arms 15 to 17 is guided by the 
corresponding rail 12 to 14 such that the arms 15 to 17 are 
displaceable in the longitudinal direction of the vehicle 2. 
[0027] Also, the lower arm 16 is driven by a drive mecha 
nism 21 in the longitudinal direction. Here, the drive mecha 
nism 21 includes an endless belt 22, a slide actuator 23, a 
closer actuator 24 (see FIG. 2), which are mounted in the 
vehicle cabin. Also, the drive mechanism 21 includes a drive 
pulley 25 and multiple driven pulleys 26 at a location inward 
of the lower rail 13 toward the vehicle cabin. Here, the drive 
pulley 25 and the multiple driven pulleys 26 rotate about a 
vertical axis (up-and-down axis) of the vehicle 2. The 
endless belt 22 is wound around the drive pulley 25 and the 
driven pulleys 26. An end portion of the lower arm 16 is 
?xed to the endless belt 22. 
[0028] The drive pulley 25 is connected with the slide 
actuator 23. As shown in FIG. 2, The slide actuator 23 
includes a slide motor 27 and a reduction mechanism (not 
shown). The slide motor 27 is provided on the vehicle cabin 
side to serve as a drive motor, and the reduction mechanism 
reduces a rotational speed of slide motor 27 and transmits 
the reduced rotation to the drive pulley 25. When the slide 
motor 27 is driven to drive the drive pulley 25, the endless 
belt 22 is also driven and rotates such that the lower arm 16 
is displaced in the longitudinal direction. Thus, the door 
panel 4 slides in the longitudinal direction. 
[0029] Also, as shown in FIG. 2, the slide actuator 23 has 
a rotational speed sensor 28 therein for detecting the rota 
tional speed of the slide motor 27 and for serving as a 
position detector. The rotational speed sensor 28 outputs a 
position detection signal to the control circuit device 31 in 
accordance with the rotation of the slide motor 27. The 
rotational speed sensor 28 includes a permanent magnet (not 
shown) and a hall element (not shown) to output a pulse 
signal as a position detection signal. Here, the permanent 
magnet rotates integrally with, for example, a rotational axis 
of the slide motor 27 or with a reduction gear (not shown) 
of the reduction mechanism. Also, the hall element is 
provided opposite the permanent magnet. 
[0030] The closer actuator 24 is provided inside the door 
panel 4 shown in FIG. 1, and includes a closer motor 29 and 
a reduction mechanism (not shown). Here, the reduction 
mechanism reduces the rotational speed of the closer motor 
29. When the closer motor 29 is driven, the door panel 4 is 
displaced to a position, where the lock mechanism can lock 
the door panel 4. 
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[0031] Also, the power sliding door system 1 includes an 
operation switch 33, Which is electrically connected With the 
control circuit device 31. The operation sWitch 33 outputs an 
open command signal to the control circuit device 31, the 
signal for slidably displacing the door panel 4 to open the 
passenger door opening 3a, When a passenger operates the 
operation sWitch 33 to open the passenger door opening 3a. 
In contrast, When the passenger operates the operation 
sWitch 33 to close the passenger door opening 3a, the 
operation sWitch 33 outputs a close command signal to the 
control circuit device 31, the signal for slidably displacing 
the door panel 4 to close the passenger door opening 3a. The 
operation sWitch 33 may be provided, for example, to the 
vehicle 2 (e.g., instrument panel) and to a side face of the 
door panel 4 toWard the vehicle cabin. The operation sWitch 
33 may be also provided to a portable product (not shoWn), 
Which is portable along With an ignition key. 
[0032] Also, the poWer sliding door system 1 includes an 
object detector 41 as a detection assembly of the present 
invention. The object detector 41 of the present embodiment 
includes a sensor body 42, a C-V conversion circuit 43 and 
an ON-OFF detector 44. 

[0033] As shoWn in FIG. 1, the sensor body 42 is provided 
at an end portion of the door panel 4 facing in a displacing 
direction (travel direction) in the closing operation (i.e., at a 
front end of the door panel 4). As shoWn in FIG. 3A, the 
sensor body 42 has a cable shape, and includes a tubular 
outer cover 51, Which is made by a dielectric material and 
is resiliently deformable. The outer cover 51 receives an 
electrically conductive tubular sensor electrode 52. As 
shoWn in FIG. 2, the sensor electrode 52 is electrically 
connected With the C-V conversion circuit 43, and is sup 
plied With poWer from a battery 32 via the control circuit 
device 31 and the C-V conversion circuit 43. Then as shoWn 
in FIG. 3A, the sensor electrode 52 has a pressure-sensitive 
portion 53 therein. 
[0034] The pressure-sensitive portion 53 includes a sup 
porting member 54 provided inside the sensor electrode 52, 
and four electrode Wirings 55a to 55d provided inside the 
supporting member 54. The supporting member 54 is made 
of a dielectric and resilient material (e.g., a soft synthetic 
resin material, a rubber), and has a center hole 56, Which 
extends in a longitudinal direction of the supporting member 
54, at a center portion of the supporting member 54. The 
center hole 56 has four separate recesses 5611, Which are 
recessed radially outWardly and are spaced aWay from 
adjacent ones by a predetermined angle in a circumferential 
direction. As a result, the center hole 56 has a cross section, 
Which is taken perpendicularly to the longitudinal direction 
of the supporting member 54, of a cross joint shape. Also, 
the center hole 56 extends in the longitudinal direction of the 
supporting member 54 such that each of the four separate 
recesses 56a extends approximately helically around a cen 
ter axis of the supporting member 54. 

[0035] Also, the electrode Wirings 55a to 55d, Which are 
supported by the supporting member 54, are provided inside 
the supporting member 54. Each of the electrode Wirings 
55a to 55d has a cord conductor 57 and a tubular conductive 
cover 58. Here, the cord conductor 57 is made of tWisted 
conductive ?ne Wires (e.g., lead Wires) and is ?exible. Also, 
the tubular conductive cover 58 is electrically conductive 
and covers an outer periphery of the conductor 57. Each of 
the electrode Wirings 55a to 55d is located betWeen corre 
sponding ones of the four separate recesses 56a to form a 
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helical shape inside the supporting member 54. Also, When 
observing a cross section of the pressure-sensitive portion 53 
taken in a radial direction, each of the electrode Wirings 55a 
to 55d is attached integrally With a side of the supporting 
member 54 toWard the center hole 56, and half of an outer 
periphery of each of the electrode Wirings 55a to 55d toWard 
the supporting member 54 is embedded in the supporting 
member 54. 

[0036] Also, as shoWn in FIG. 2, the electrode Wiring 55a 
and the electrode Wiring 550 are mutually connected at 
longitudinal ends thereof, and the electrode Wiring 55b and 
the electrode Wiring 55d are also mutually connected at 
longitudinal ends thereof. Then, the electrode Wiring 55c 
and the electrode Wiring 55d are connected With each other 
via a resistor 59 at the other longitudinal ends thereof. 
Furthermore, the electrode Wiring 55b has the other longi 
tudinal end connected With a ground GND, Which is 
grounded. Also, the electrode Wiring 55a has the other 
longitudinal end electrically connected With the ON-OFF 
detector 44. Also, the electrode Wiring 55a is supplied With 
poWer from the battery 32 via the control circuit device 31 
and the ON-OFF detector 44. 

[0037] The above sensor body 42, as shoWn in FIG. 1, is 
provided to the front end of the door panel 4 via a dielectric 
supporting member (not shoWn), and extends along the front 
end of the door panel 4 in a up-and-doWn direction of the 
door panel 4. Then, as shoWn in FIG. 3B, for example, When 
the sensor body 42 is applied With a press force in a direction 
0t depicted as an arroW, the outer cover 51, the sensor 
electrode 52 and the supporting member 54 are resiliently 
deformed. At this time, if the press force, Which is applied 
to the supporting member 54, and Which resiliently deforms 
the supporting member 54, is so large that the center hole 56 
is crushed, one of the electrode Wiring 55a and the electrode 
Wiring 550 contacts one of the electrode Wiring 55b and the 
electrode Wiring 55d for form electrical connection With 
each other. When the press force is removed, the outer cover 
51, the sensor electrode 52, and the supporting member 54 
return to their original positions, and the electrode Wirings 
55a to 55d also return to their original position. Therefore, 
this disconnects the above electrical connection. 

[0038] The ON-OFF detector 44, together With the pres 
sure-sensitive portion 53, constitutes a touch-sensitive sen 
sor for detecting an object X (see FIG. 4) by contacting the 
object X disposed betWeen the door panel 4 and the periph 
ery of the passenger door opening 3a. As shoWn in FIG. 2, 
the ON-OFF detector 44 is connected With the ground GND. 
Here, in a normal condition (shoWn in FIG. 3A), Where the 
press force is not applied to the sensor body 42, a current 
supplied to the electrode Wiring 55a ?oWs via the resistor 59 
When the current ?oWs from the electrode Wirings 55a to the 
electrode Wiring 55b via the electrode Wirings 55c, 55d. 
HoWever, When the press force is applied to the sensor body 
42 (e.g., in a condition shoWn in FIG. 3B), the supporting 
member 54 is resiliently deformed, and one of the electrode 
Wiring 55a and the electrode Wiring 550 contacts one of the 
electrode Wiring 55b and the electrode Wiring 55d to form 
the electrical connection therebetWeen (e.g., to form a short 
circuit). Then, the current ?oWs from the electrode Wiring 
55a to the electrode Wiring 55b via the electrode Wirings 
55c, 55d Without ?oWing through the resistor 59. Thus, a 
voltage value betWeen the electrode Wiring 55a and the 
ground GND changes compared With a voltage value 
betWeen the electrode Wiring 55a and the ground GND in the 
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normal condition. The ON-OFF detector 44 detects the 
change of the voltage value betWeen the electrode Wiring 
55a and the ground GND at this time, and outputs a voltage 
value detection signal to the control circuit device 31. Here, 
the voltage value detection signal indicates a change of a 
voltage value due to the short circuit formed by the con 
nection betWeen one of the electrode Wiring 55a and the 
electrode Wiring 55c and one of the electrode Wiring 55b and 
the electrode Wiring 55d. For example, the ON-OFF detector 
44 has a threshold value determined based on a voltage value 
betWeen the electrode Wiring 55a and the ground GND in the 
normal condition. When the detected voltage value betWeen 
the electrode Wiring 55a and the ground GND exceeds the 
threshold value, the voltage value detection signal is out 
putted. 
[0039] As shoWn in FIG. 2, the C-V conversion circuit 43 
is electrically connected With the sensor electrode 52, and 
constitutes, together With the sensor electrode 52, a capaci 
tance sensor for sensing the object X located betWeen the 
door panel 4 and the periphery of the passenger door 
opening 311 in a non-contact manner. The C-V conversion 
circuit 43 is provided inside the door panel 4, and is 
electrically connected With the control circuit device 31. 
Also, the C-V conversion circuit 43 computes a change of a 
capacitance of the sensor electrode 52 per a predetermined 
measuring time t based on (in accordance With) a change of 
the capacitance sensed by the sensor electrode 52 betWeen 
the sensor electrode 52 and the ground. Then, the C-V 
conversion circuit 43 outputs the computation result (detec 
tion value) to the control circuit device 31. 
[0040] The poWer sliding door system 1 of the present 
embodiment is controlled by the control circuit device 31, 
Which has an object approach determining circuit 31a. The 
control circuit device 31, for example, is provided at a 
vicinity of the slide motor 27 or is integral With the slide 
motor 27. Also, the control circuit device 31 is supplied With 
drive poWer from the battery 32 included by the vehicle 2. 
[0041] the control circuit device 31 controls the slide 
actuator 23 and the closer actuator 24 in accordance With 
various signals received from the intermediate latch detec 
tor, the rotational speed sensor 28, the operation sWitch 33, 
the C-V conversion circuit 43, and the ON-OFF detector 44. 
Speci?cally, the control circuit device 31 controls the slide 
motor 27 such that the door panel 4 is opened (displaced) to 
a full open position Po, When the control circuit device 31 
receives the open command signal from the operation sWitch 
33. In contrast, the control circuit device 31 controls the 
slide motor 27 such that the door panel 4 is closed (dis 
placed) to a full closed position Pc When the control circuit 
device 31 receives the close command signal from the 
operation sWitch 33. Also, the control circuit device 31 
controls the closer motor 29 to displace the door panel 4 to 
a position, Where the lock mechanism can lock the door 
panel 4 When the control circuit device 31 receives the 
intermediate latch detection signal from the intermediate 
latch detector. Further, the control circuit device 31 detects 
a slide amount of the door panel 4 (i.e., a position of the door 
panel 4) based on a position detection signal received from 
the rotational speed sensor 28. 

[0042] Here, the slide motor 27 of the present embodiment 
includes three brushes, such as a common brush 2711, a loW 
speed brush 27b, and a high speed brush 270. The common 
brush 27a is arranged on an opposite side of a rotation axis 
(not shoWn) of the slide motor 27 opposite from the loW 
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speed brush 27b, and the high speed brush 270 is located at 
a position, Which is angled by a predetermined rotation angle 
aWay relative to the loW speed brush 27b. Also, the slide 
motor 27 is supplied With drive poWer via the common brush 
27a and the loW speed brush 27b, or via the common brush 
27a and the high speed brush 270. In this case, the drive 
poWer supplied to the slide motor 27 via the loW speed brush 
27b rotates the slide motor 27 at a loW speed With a high 
torque. In contrast, the drive poWer supplied to the slide 
motor 27 via the high speed brush 27c rotates the slide motor 
27 at a relatively higher speed With a relatively loWer torque 
compared With the case Where the drive poWer is supplied 
via the loW speed brush 27b. 
[0043] As shoWn in FIG. 4, the control circuit device 31 
sets a latch operation range A4, Which ranges from the full 
closed position Pc to a nearly closed position P3. Here, the 
nearly closed position P3 is located aWay from the full 
closed position Pc toWard the full open position Po. Also, the 
control circuit device 31 de?nes a slide operation range 
(ranges A1 to A3) ranged betWeen the full open position Po 
and the nearly closed position P3. Furthermore, in the slide 
operation range, the control circuit device 31 de?nes an 
open-side operation range A1, a middle operation range A2, 
and a closed-side operation range A3. The open-side opera 
tion range A1 ranges from the full open position Po to a ?rst 
door position P1, Which is located a predetermined distance 
aWay from the full open position Po toWard the full closed 
position Pc. The closed-side operation range A3 ranges from 
the nearly closed position P3 to a second door position P2, 
Which is located a predetermined distance aWay from the 
nearly closed position P3 toWard the full open position Po. 
Also, the middle operation range A2 located betWeen the 
ranges A1 and A3 (e.g., the middle operation range A2 
ranges from the ?rst door position P1 to the second door 
position P2 in one embodiment). Here, in FIG. 4 and FIGS. 
5A to SC, for clear description, the latch operation range A4 
is depicted Wider than an actual Width, Which actually is 
substantially narroWer than the slide operation range (ranges 
A1 to A3). Here, the middle operation range A2 corresponds 
to a high speed operation range, and the closed-side opera 
tion range A3 corresponds to a loW speed operation range of 
the present invention. 

[0044] In the present embodiment, an actual change of a 
capacitance actually detected in advance by the sensor 
electrode 52 in a condition, Where the object X is not located 
(i.e., the object X is absent) betWeen the door panel 4 and the 
periphery of the passenger door opening 311 While the door 
panel 4 is in the closing operation (i.e., While the door 4 is 
displaced toWard the full closed position Pc). And then, the 
second door position P2 (closed-side position in the present 
invention) is determined based on the above detected change 
of the capacitance. Speci?cally, the second door position P2 
is set at a position, Where a change amount of the capaci 
tance detected by the sensor electrode 52 starts increasing 
due to the proximity of the front end of the door panel 4 to 
the center pillar 6 during the closing operation of the door 
panel 4. 
[0045] In the above the slide operation range (ranges A1 to 
A3), When the door panel 4 is opened (displaced) from the 
nearly closed position P3 to the full open position Po, the 
control circuit device 31 controls the slide motor 27 such 
that the door panel 4 is displaced at a loW speed in the 
closed-side operation range A3, Which ranges from the 
nearly closed position P3 to the second door position P2, and 
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the control circuit device 31 controls the slide motor 27 such 
that the door panel 4 is displaced at a high speed in the 
middle operation range A2, Which ranges from the second 
door position P2 to the ?rst door position P1. Here, the door 
panel 4 is displaced faster at the high speed in the middle 
operation range A2 than at the loW speed in the closed-side 
operation range A3. Also, the control circuit device 31 
controls the slide motor 27 such that the door panel 4 is 
displaced at a loWer speed in the open-side operation range 
A1, Which ranges from the ?rst door position P1 to the full 
open position Po. Here, the door panel 4 is displaced sloWer 
at the loWer speed in the open-side operation range A1 than 
at the high speed in the middle operation range A2. Typi 
cally, the control circuit device 31 controls the slide motor 
27 such that a speed of displacement of the door panel 4 is 
gradually increased in the closed-side operation range A3, 
and such that the speed of displacement of the door panel 4 
becomes constant in the middle operation range A2. Also, 
the control circuit device 31 controls the slide motor 27 such 
that the speed of displacement of the door panel 4 is 
gradually decreased in the open-side operation range A1. 
When the door panel 4 is closed (displaced) from the full 
open position Po to the nearly closed position P3, the control 
circuit device 31 controls the slide motor 27 such that the 
door panel 4 is displaced at the loW speed in the closed-side 
operation range A3, at the high speed in the middle operation 
range A2, and at the loW speed in the open-side operation 
range A1. Typically, the control circuit device 31 controls 
the slide motor 27 such that the speed of displacement of the 
door panel 4 is gradually increased in the open-side opera 
tion range A1, also such that the speed of displacement of the 
door panel 4 becomes constant in the middle operation range 
A2. Furthermore, the control circuit device 31 controls the 
slide motor 27 such that the speed of displacement of the 
door panel 4 is gradually decreased in the closed-side 
operation range A3. Therefore, a relation betWeen the posi 
tion of the door panel 4 and the speed of displacement of the 
door panel 4 becomes similar to the chart shoWn in FIG. 5A. 

[0046] Here, the control circuit device 31 drives the closer 
motor 29 in the latch operation range A4, Which ranges from 
the full closed position Pc to the nearly closed position P3, 
such that the door panel 4 is locked and unlocked by using 
the closer motor 29. 

[0047] When the control circuit device 31 receives the 
voltage value detection signal from the ON-OFF detector 44 
during the closing operation of the door panel 4, the control 
circuit device 31 determines that the object X exists betWeen 
the door panel 4 and the periphery of the passenger door 
opening 311 based on the received voltage value detection 
signal, and the control circuit device 31 controls the slide 
motor 27 such that the door panel 4 is displaced to the full 
closed position Pc at a high speed. 
[0048] The object approach determining circuit 31a has a 
threshold value for comparison With the detection value 
received from the C-V conversion circuit 43 for determining 
Whether there is the object X betWeen the door panel 4 and 
the periphery of the passenger door opening 311 as shoWn in 
FIG. 2. The threshold value is set as a constant value in the 
entire of the slide operation range (ranges A1 to A3) of the 
door panel 4 as shoWn in FIG. 5C. Also, during the closing 
operation of the door panel 4, a change of the capacitance is 
actually detected in advance by the sensor electrode 52 in a 
condition, Where the object X is not located betWeen the 
door panel 4 and the periphery of the passenger door 
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opening 3a. Then, the above threshold value is determined 
based on the above actually detected change of the capaci 
tance. 

[0049] The object approach determining circuit 31a com 
pares a detection value, Which is received from the C-V 
conversion circuit 43 every interval of the measuring time t, 
With the threshold value. Then, the object approach deter 
mining circuit 31a determines that the object X exists 
betWeen the door panel 4 and the periphery of the passenger 
door opening 311 When the detection value is larger than the 
threshold value. Also, the object approach determining cir 
cuit 31a determines that the object X does not exist (the 
object X is absent) betWeen the door panel 4 and the 
periphery of the passenger door opening 311 When the 
detection value is smaller than the threshold value. When the 
object approach determining circuit 31a determines that 
there is the object X betWeen the door panel 4 and the 
periphery of the passenger door opening 3a, the control 
circuit device 31 controls the slide motor 27 such that the 
door panel 4 is displaced to the full open position Po at the 
high speed. 
[0050] Next, an overall operation of the poWer sliding 
door system 1 Will be described. 
[0051] The control circuit device 31 drives the slide motor 
27 in the direction for opening the door panel 4 When the 
control circuit device 31 receives the open command signal 
from the operation sWitch 33, and the control circuit device 
31 stops the slide motor 27 When the door panel 4 is 
positioned at the full open position Po. 
[0052] In contrast, When the control circuit device 31 
receives the close command signal from the operation 
sWitch 33, the control circuit device 31 drives the slide 
motor 27 in the direction for closing the door panel 4. In 
other Words, the control circuit device 31 controls the slide 
motor 27 such that the door panel 4 is displaced at the loW 
speed When the door panel 4 (the front end of the door panel 
4) is in the open-side loW speed range, and such that the door 
panel 4 is displaced at the high speed When the door panel 
4 is in the middle operation range A2. Also, When the door 
panel 4 is in the closed-side operation range A3, the control 
circuit device 31 controls the slide motor 27 such that the 
door panel 4 is displaced at the loW speed. Then, the control 
circuit device 31 drives the closer motor 29 such that the 
door panel 4 is locked by using the closer motor 29 in the 
latch operation range A4. 
[0053] Also, the control circuit device 31 operates the 
object detector 41 When the control circuit device 31 
receives the close command signal from the operation 
sWitch 33. Then, When the control circuit device 31 receives 
the voltage value detection signal from the ON-OFF detector 
44, the control circuit device 31 determines that the object 
X is held betWeen the door panel 4 and the periphery of the 
passenger door opening 311 (i.e., the object X exists betWeen 
the door panel 4 and the periphery of the passenger door 
opening 3a) based on the input of the voltage value detection 
signal. Thus, the control circuit device 31 controls the slide 
motor 27 such that the door panel 4 is displaced to the full 
open position Po at the high speed. 
[0054] During the closing operation of the door panel 4, 
every time the measuring time t elapses, the C-V conversion 
circuit 43 computes the change amount of the capacitance at 
the sensor electrode 52 per the measuring time t based on the 
change amount of the capacitance detected by the sensor 
electrode 52 betWeen the sensor electrode 52 and the ground. 
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Then, the C-V conversion circuit 43 outputs the computation 
result, that is the detection value, to the control circuit device 
31. The object approach determining circuit 31a of the 
control circuit device 31 compares the inputted detection 
value With the threshold value every time the detection value 
is inputted. Then, When the detection value is smaller than 
the threshold value, the object approach determining circuit 
31a determines that the object X does not exist betWeen the 
door panel 4 and a peripheral portion of the passenger door 
opening 3a, that is, betWeen the door panel 4 and the 
periphery of the passenger door opening 3a. In contrast, 
When the detection value is greater than the threshold value, 
the object approach determining circuit 31a determines that 
the object X exists betWeen the door panel 4 and the 
periphery of the passenger door opening 3a. When the object 
approach determining circuit 31a determines that the object 
X exists (is located) betWeen the door panel 4 and the 
periphery of the passenger door opening 3a, the control 
circuit device 31 controls slide motor 27 such that the door 
panel 4 is displaced to the full closed position Pc at the high 
speed. 
[0055] By the Way, the control circuit device 31 controls 
the speed of displacement of the door panel 4 in accordance 
With the position of the door panel 4. For example, When an 
electrically conductive object is located near the sensor 
electrode 52, a capacitance formed betWeen the sensor 
electrode 52 and the electrically conductive object adjacent 
to the sensor electrode changes. The C-V conversion circuit 
43 computes the change amount of the capacitance at the 
sensor electrode 52 per the predetermined measuring time t 
based on the change amount of the capacitance detected by 
the sensor electrode 52 betWeen the sensor electrode 52 and 
the ground. Then, the object approach determining circuit 
31a compares the detection value, Which corresponds to the 
change amount of the capacitance per the measuring time t 
at the sensor electrode 52, With the threshold value to 
determine Whether or not the object X exists betWeen the 
door panel 4 and the periphery of the passenger door 
opening 3a. Thus, in a condition, Where the object X exists 
betWeen the door panel 4 and the periphery of the passenger 
door opening 3a, the change amount of the capacitance per 
the measuring time t at the sensor electrode 52 becomes 
greater When the speed of displacement of the door panel 4 
is greater, and in contrast, the change amount becomes 
smaller When the speed of displacement of the door panel 4 
is smaller. As a result, as shoWn in FIG. 5A and FIG. 5B, the 
detectivity for detecting the object X located betWeen the 
door panel 4 and the periphery of the passenger door 
opening 311 depends on the speed of displacement of the door 
panel 4. 
[0056] Speci?cally, as shoWn in FIG. 5A, in the open-side 
operation range A1 ranging from the full open position Po to 
the ?rst door position P1, the door panel 4 is slidably 
displaced such that the speed of displacement thereof is 
gradually increased. Therefore, as shoWn in FIG. SE, a 
detectivity for detecting the object X, Which is located 
betWeen the door panel 4 and the periphery of the passenger 
door opening 3a, is gradually increased in accordance With 
the speed of displacement of the door panel 4 While the door 
panel 4 is displaced from the full open position Po to the ?rst 
door position P1. 
[0057] Also, as shoWn in FIG. 5A, in the middle operation 
range A2 ranging from the ?rst door position P1 to the 
second door position P2, the door panel 4 is slidably 
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displaced at a constant speed higher than the speed of the 
door panel 4 in the open-side operation range A1. As a result, 
as shoWn in FIG. 5B, because the door panel 4 is displaced 
at the high speed, a detectivity for detecting the object X is 
higher than that in a case, Where the door panel 4 is displaced 
in the open-side operation range A1, and the detectivity is 
constant While the door panel 4 is displaced in the middle 
operation range A2. 
[0058] Furthermore, as shoWn in FIG. 5A, in the closed 
side operation range A3 ranging from the second door 
position P2 to the nearly closed position P3, the door panel 
4 is slidably displaced at a speed sloWer than that of the door 
panel 4 displaced in the middle operation range A2 such that 
the speed of displacement of the door panel 4 is gradually 
decreased. Therefore, as shoWn in FIG. 5B, the detectivity 
for detecting the object X is gradually decreased in accor 
dance With the speed of displacement of the door panel 4 
While the door panel 4 is displaced from the second door 
position P2 to the nearly closed position P3. As a result, in 
the closed-side operation range A3, Where the change 
amount of the capacitance detected by the sensor electrode 
52 tends to be gradually increased due to the proximity of 
the front end of the door panel 4 to the center pillar 6, it is 
possible to decrease the detectivity for detecting the object 
X that exists betWeen the door panel 4 and the periphery of 
the passenger door opening 311. 
[0059] As described above, according to the present 
embodiment, effects and advantages beloW can be achieved. 

[0060] (l) The control circuit device 31 controls a rota 
tional speed of the slide motor 27 to change the speed of 
displacement of the door panel 4. Then, the object approach 
determining circuit 31a computes the change amount of the 
capacitance at the sensor electrode 52 per the predetermined 
constant measuring time t as the detection value based on the 
change of the capacitance detected by the sensor electrode 
52. Further, the object approach determining circuit 31a 
compares the detection value With the constant threshold 
value for determining the existence of the object X betWeen 
the door panel 4 and the periphery of the passenger door 
opening 3a, and the object approach determining circuit 31a 
determines Whether or not the object X exists betWeen the 
door panel 4 and the periphery of the passenger door 
opening 311 based on the comparison result. Here, in general, 
in a case, Where the object X exists betWeen the door panel 
4 and the periphery of the passenger door opening 3a, the 
change amount of the capacitance at the sensor electrode 52 
per the constant measuring time t becomes greater if the 
speed of displacement of the door panel 4 is greater, and in 
contrast, the change amount becomes smaller if the speed of 
displacement of the door panel 4 is smaller. Therefore, in a 
case, Where the detection value as computed above is 
compared With the threshold value to determine Whether or 
not the object X exists betWeen the door panel 4 and the 
periphery of the passenger door opening 3a, the detectivity 
for detecting the object X betWeen the door panel 4 and the 
periphery of the passenger door opening 311 depends on the 
speed of displacement of the door panel 4. As a result, the 
detectivity for detecting the object X betWeen the door panel 
4 and the periphery of the passenger door opening 311 by the 
object approach determining circuit 31a can be adjusted 
When the speed of displacement of the door panel 4 is 
controlled. Thus, an additional control, such as the adjust 
ment of the threshold value in accordance With the position 
of the door panel 4, in order to limit the erroneous detection 
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of the object X is not required. As a result, the control 
process executed by the control circuit device 31 is simpli 
?ed, and therefore the control can be more simpli?ed 
compared With a conventional opening and closing device. 

[0061] (2) The control circuit device 31 detects the posi 
tion of the door panel 4 based on the position detection 
signal that corresponds to the position of the door panel 4, 
and controls the rotational speed of the slide motor 27 in 
accordance With the ranges A1 to A3, in Which the door 
panel 4 is positioned. Therefore, the rotational speed of the 
slide motor 27 depends on the position of the door panel 4. 
Also, the detectivity by the object approach determining 
circuit 31a for detecting the object X betWeen the door panel 
4 and the periphery of the passenger door opening 311 is 
changed based on the speed of displacement of the door 
panel 4. Thus, the detectivity for detecting the object X 
betWeen the door panel 4 and the periphery of the passenger 
door opening 311 can be determined based on the position of 
the door panel 4. For example, in the closed-side operation 
range A3, Where the change amount of the capacitance 
detected by the sensor electrode 52 tends to be gradually 
increased due to the proximity of the front end of the door 
panel 4 to the center pillar 6, the detectivity for detecting the 
object X betWeen the door panel 4 and the periphery of the 
passenger door opening 311 can be decreased. Thus, the 
erroneous detection of the object X can be reduced. Also, 
because the detectivity can be changed in accordance With 
the position of the door panel 4, it is possible to de?ne a 
range, Where the detectivity for detecting the object X 
betWeen the door panel 4 and the periphery of the passenger 
door opening 311 is set higher than that in the conventional 
case, Where a constant threshold value is set in the entire 
operational range of a door panel. 
[0062] (3) The control circuit device 31 controls the slide 
motor 27 such that the door panel 4 is displaced at the high 
speed in the middle operation range A2, and such that the 
door panel 4 is displaced at the loW speed in the closed-side 
operation range A3. Therefore, during the closing operation 
of the door panel 4, the door panel 4 is displaced at the loW 
speed in the closed-side operation range A3, Where the 
change of the capacitance detected by the sensor electrode 
52 may be in?uenced by the proximity of the door panel 4 
to the periphery of the passenger door opening 3a, Which 
opposes the front end of the door panel 4. Thus, in the 
closed-side operation range A3, the detectivity for detecting 
the object X betWeen the door panel 4 and the periphery of 
the passenger door opening 311 by the object approach 
determining circuit 31a becomes loW. As a result, during the 
closing operation of the door panel 4, it is possible to limit 
the disadvantageous erroneous detection of the object X due 
to the change of the capacitance at the sensor electrode 52 
caused by the proximity of the door panel 4 to the periphery 
of the passenger door opening 3a. In contrast, in the middle 
operation range A2, Which is located on a side of the 
closed-side operation range A3 toWard the full open position 
Po, the door panel 4 is displaced at a higher speed than that 
in the closed-side operation range A3. Therefore, the detec 
tivity for detecting the object X betWeen the door panel 4 
and the periphery of the passenger door opening 311 by the 
object approach determining circuit 3111 becomes higher. 
Therefore, When the door panel 4 is positioned in the middle 
operation range A2, the object X located betWeen the door 
panel 4 and the periphery of the passenger door opening 311 
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can be more accurately detected than the case, Where the 
door panel 4 is positioned in the closed-side operation range 
A3. 

[0063] (4) The threshold value is determined in advance 
based on an actual change of the capacitance detected by the 
sensor electrode 52 in a condition, Where the object X is not 
located (i.e., the object X is absent) betWeen the door panel 
4 and the periphery of the passenger door opening 311 during 
the closing operation of the door panel 4. Therefore, the 
threshold value can be more preferably set (determined) in 
accordance With a shape of the front end of the door panel 
4 and in accordance With a shape of the periphery of the 
passenger door opening 311. 
[0064] Here, the embodiment of the present invention may 
be modi?ed as described beloW. 

[0065] In the above embodiment, When the door panel 4 is 
positioned in the open-side operation range A1 and in the 
closed-side operation range A3, the control circuit device 31 
controls the slide motor 27 such that the door panel 4 is 
displaced at the loW speed. Also, When the door panel 4 is 
positioned in the middle operation range A2, the control 
circuit device 31 controls the slide motor 27 such that the 
door panel 4 is displaced at the high speed. HoWever, a 
control example of the control circuit device 31 for control 
ling the slide motor 27 is not limited to the above. For 
example, the control circuit device 31 may alternatively 
control the slide motor 27 such that the door panel 4 is 
displaced at the high speed When the door panel 4 is 
positioned in the open-side operation range A1 and the 
middle operation range A2, and such that the door panel 4 
is displaced at the loW speed When the door panel 4 is 
positioned in the closed-side operation range A3. 
[0066] In the above embodiment, the control circuit device 
31 divides the slide range of the door panel 4 into the three 
ranges, such as the open-side operation range A1, the middle 
operation range A2, and the closed-side operation range A3, 
and also selects the speed of displacement of the door panel 
4 based on the ranges A1 to A3, on Which the door panel 4 
is positioned. HoWever, the control circuit device 31 may 
alternatively divide the slide range of the door panel 4 into 
four ranges to control the rotational speed of the slide motor 
27 based on each of the divided ranges. In this case, in 
certain slide ranges, Where the proximity of the door panel 
4 to the front door or the center pillar may in?uence the 
change amount of the capacitance detected by the sensor 
electrode 52, it is preferable that the speed of displacement 
of the door panel 4 be set relatively loWer. Also, the control 
circuit device 31 may alternatively control the rotational 
speed of the slide motor 27 such that the position of the door 
panel 4 and the speed of displacement of the door panel 4 
have a curved-change relation (e.g., a non-linear relation). 
For example, the control circuit device 31 may control the 
slide motor 27 such that the speed of displacement of the 
door panel 4 is gradually increased from the full open 
position Po and is gradually decreased from the middle point 
of the slide range toWard the full closed position Pc. That is, 
the speed of displacement of the door panel 4 becomes 
maximum at the middle point of the slide range of the door 
panel 4. Also, the control circuit device 31 may divide the 
slide range of the door panel 4 into tWo ranges, such as a 
stepWise change range, Where the speed of displacement of 
the door panel 4 is changed stepWisely, and a gradual change 
range, Where the speed is change gradually. Even When the 
control circuit device 31 is designed in the above manner, 
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the detectivity for detecting the object X located betWeen the 
door panel 4 and the periphery of the passenger door 
opening 311 depends on the speed of displacement of the door 
panel 4. As a result, similar to the above embodiment, 
because the control (e.g., a control for regularly operating 
the door panel 4) executed by the control circuit device 31 
can be simpli?ed, the control can be more simpli?ed com 
pared With the conventional opening and closing device. 
[0067] In the above embodiment, the rotational speed of 
the slide motor 27 is changed (i.e., the speed of displacement 
of the door panel 4 is changed) by sWitching the brushes 27b, 
270, Which supply the poWer to the slide motor 27. HoWever, 
for example, a PWM control may be additionally provided 
for a speed control. Also, a normal brush motor, Which does 
not have the high speed brush 270, may be alternatively used 
to control the speed by only using the PWM control. 
Furthermore, a motor Without brushes, such as a brushless 
motor, may alternatively serve as a slide motor. 

[0068] A structure of the sensor body 42 is not limited to 
the above embodiment. For example, the sensor body 42 
may alternatively include the outer cover 51, the sensor 
electrode 52, a pressure sensitive rubber, and an electrically 
conductive core electrode. Here, the sensor electrode 52 is 
provided inside the outer cover 51, and internally has the 
pressure sensitive rubber, a resistance of Which becomes 
smaller When the pressure sensitive rubber is applied With a 
press force. Also, the core electrode is provided at the center 
portion of the pressure sensitive rubber. In this case, the 
sensor electrode 52 is supplied With a current through the 
C-V conversion circuit 43, and the core electrode is electri 
cally connected With a current detection element. Then, 
When the sensor body 42 is applied With the press force, the 
resistance of the pressure sensitive rubber becomes smaller, 
and therefore the current ?oWs to the core electrode from the 
sensor electrode 52 via the pressure sensitive rubber. Then, 
the current detection element detects the How of the current 
betWeen the sensor electrode 52 and the core electrode via 
the pressure sensitive rubber, and outputs a current detection 
signal, Which is indicative of the How of the current betWeen 
the sensor electrode 52 and the core electrode, to the control 
circuit device 31. When the control circuit device 31 
receives the current detection signal, the control circuit 
device 31 determines the existence of the object X held 
betWeen the door panel 4 and the periphery of the passenger 
door opening 311 (i.e., the object X is located betWeen the 
door panel 4 and the periphery of the passenger door 
opening 3a) based on the input of the current detection 
signal. 
[0069] In the above embodiment, When the control circuit 
device 31 determines the existence of the object X located 
betWeen the door panel 4 and the periphery of the passenger 
door opening 3a, the control circuit device 31 displaces the 
door panel 4 to the full open position Po. HoWever, When the 
control circuit device 31 determines the existence of the 
object X betWeen the door panel 4 and the vehicle 2, the 
control circuit device 31 may alternatively controls the slide 
motor 27 such that the door panel 4 is displaced toWard the 
full open position Po by a predetermined amount. 
[0070] The rotational speed sensor 28 is not limited to the 
above described structure having the permanent magnet and 
the hall element, as long as the rotational speed sensor 28 
can detect the rotational speed of the slide motor 27. Also, 
another structure for directly detecting the position of the 
door panel 4 (e.g., a system With a linear scale) may replace 
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With the rotational speed sensor 28 for detecting the rota 
tional speed of the slide motor 27 to serve as a position 
detection device. 
[0071] In the above embodiment, the detection value is the 
change amount of the capacitance at the sensor electrode 52 
per the measuring time t, Which change amount is computed 
based on the change amount of the capacitance detected by 
the sensor electrode 52 betWeen the sensor electrode 52 and 
the ground. HoWever, the detection value may alternatively 
a change amount of the capacitance at the sensor electrode 
52 per the measuring time t, Which change amount is 
computed based on the capacitance detected by the sensor 
electrode 52 betWeen the sensor electrode 52 and the ground. 
[0072] In the above embodiment, the door panel 4 is 
provided in a left side of the vehicle 2. HoWever, the door 
panel 4 may be alternatively provided to a right side of the 
vehicle 2, or may be provided to each side of the vehicle 2. 
[0073] In the above embodiment, the present invention is 
described using the poWer sliding door system 1 as an 
example of the opening and closing device. HoWever, the 
present invention may be applied to an opening and closing 
device, in Which a liftgate back door 63 for opening and 
closing an opening portion 6211 provided at a rear portion of 
a body 62 of a vehicle 61 is actuated by a drive motor as 
shoWn in FIG. 6. In this case, the sensor body 42 is provided 
at a position, Which is each end portion of the back door 63 
in a direction of Width of the vehicle (in a transverse 
direction), and Which opposes the periphery of the opening 
portion 6211. Furthermore, the present invention may be 
applied to a poWer opening and closing device for opening 
and closing a storage room door provided to a vehicle using 
electric poWer. 
[0074] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. The invention in its 
broader terms is therefore not limited to the speci?c details, 
representative apparatus, and illustrative examples shoWn 
and described. 

What is claimed is: 
1. An opening and closing device comprising: 
an electrically conductive ?xed body that de?nes an 

opening portion therein; 
a movable body that is displaceable betWeen a full closed 

position and a full open position, Wherein: 
the movable body closes the opening portion of the 

?xed body at the full closed position; and 
the movable body opens the opening portion of the 

?xed body at the full open position; 
a drive motor that drives the movable body to open and 

close the opening portion of the ?xed body; 
a speed control device that controls a rotational speed of 

the drive motor to change a speed of displacement of 
the movable body; 

a detection assembly that includes a sensor electrode, 
Which is located on an end portion of the movable body 
toWard the full closed position, Wherein the detection 
assembly detects a change of a capacitance formed 
betWeen the sensor electrode and an electrically con 
ductive object adjacent to the sensor electrode; and 

a determining device that computes, as a detection value, 
a change amount of the capacitance at the sensor 
electrode per a predetermined constant measuring time 
based on the change of the capacitance detected by the 
sensor electrode, Wherein: 
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the determining device compares the detection value With 
a constant threshold value, Which is used for determin 
ing Whether the object exists betWeen the movable 
body and an periphery of the opening portion; and 

the determining device determines Whether the object 
exists betWeen the movable body and the periphery of 
the opening portion based on the comparison result. 

2. The opening and closing device according to claim 1, 
further comprising: 

a position detector that outputs a position detection signal 
in accordance With a position of the movable body, 
Wherein the speed control device controls the rotational 
speed of the drive motor based on the position detection 
signal. 

3. The opening and closing device according to claim 2, 
Wherein: 

the speed control device controls the rotational speed of 
the drive motor such that the movable body is displaced 
at a high speed in a high speed operation range de?ned 
betWeen the full open position and a closed-side posi 
tion, Which is located on a side of the full open position 
toWard the full closed position; 

the speed control device controls the rotational speed of 
the drive motor such that the movable body is displaced 
at a loW speed in a loW speed operation range that 
ranges from the closed-side position to a nearly closed 
position, Which is located betWeen the closed-side 
position and the full closed position; and 

the movable body is displaced faster at the high speed 
than at the loW speed. 
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4. The opening and closing device according to claim 1, 
Wherein: 

the threshold value is determined based on an actual 
change of the capacitance detected in advance by the 
sensor electrode in a condition, Where the object is 
absent betWeen the movable body and the periphery of 
the opening portion during a closing operation of the 
movable body. 

5. The opening and closing device according to claim 1, 
Wherein: 

the ?xed body is a body of a vehicle; and 
the movable body is a door panel slidably displaceable 

along a longitudinal axis of the vehicle for opening and 
closing the opening portion disposed on a side of the 
vehicle. 

6. The opening and closing device according to claim 1, 
Wherein: 

the ?xed body is a body of a vehicle; and 
the movable body is a back door operable for opening and 

closing the opening portion disposed on a rear portion 
of the vehicle. 

7. The opening and closing device according to claim 1, 
Wherein: 

the end portion of the movable body toWard the full closed 
position faces forward in a displacing direction during 
a closing operation of the movable body for closing the 
opening portion. 


